The molecular mechanisms that instruct the formation of synaptic layers are only incompletely understood. In this issue of Neuron, Timofeev et al. (2012) describe an instructive role for the guidance molecule Netrin and its receptor Frazzled in mediating layer-specific targeting of one photoreceptor cell type in the Drosophila visual system.
Of Glomeruli, Columns, and Layers
The complex and precise connectivity of the brain is central to neural circuit function. In sensory systems, both the structure of the stimulus and the nature of the computations performed by the brain create architectural constraints. As a result, a small number of morphological themes appear repeatedly in different brain regions. Remarkably, across the animal kingdom, many sensory systems utilize one or more of only three basic architectural elements, namely glomeruli, columns, and layers. Understanding the molecular mechanisms by which each of these core features assembles during development therefore represents a focus of considerable current research (Luo and Flanagan, 2007) . In this issue of Neuron, Timofeev et al. (2012) describe a new molecular mechanism that instructs layer formation in the Drosophila brain.
The visual systems of both vertebrates and arthropods are typically organized into columns and layers. In both systems, arrays of columns are arranged in topographic maps that preserve spatial relationships between points in visual space. Columns are broadly identical in structure, with each representing a single point in visual space. In addition, columns can be divided into a series of layers that contain different combinations of axons and dendrites. Thus, layers likely represent different neural circuit operations. At the cellular level, layers are units of pre-and postsynaptic specificity, and they form during development by the joint recruitment of specific axons and dendrites. Given this anatomical organization, what are the molecular mechanisms that mediate layer-specific targeting of axons and dendrites?
How Are Layers Built? A classic challenge in developmental neuroscience is reflected by the fact that nervous systems can contain several orders of magnitude more synaptic connections between specific neurons than the number of guidance and adhesion factors encoded in their genomes. How are so many specific synapses programmed using only limited molecular resources? Layer-specific targeting provides a critical part of the answer to this conundrum, because getting the right axons and dendrites to the correct layer represents a key step in ensuring that the proper synaptic connections form. Work in many experimental systems has uncovered several different mechanisms guiding layer specificity. One hypothesis posits that future synaptic partners express a unique set of adhesion molecules that together form an adhesive code that causes only the right combinations of pre-and postsynaptic processes to come together. This idea is supported by studies in the chick, where four separate homophilic adhesion molecules (DSCAM, DSCAM-L, Sidekick-1, and Sidekick-2) are expressed and required in nonoverlapping pairs of synaptic partners that form distinct layers in the retina (Yamagata and Sanes, 2008) . Similarly, in Drosophila expression of the adhesion molecule Capricious in both photoreceptor axons and their target neurons directs layer-specific targeting (Shinza-Kameda et al., 2006) . In addition, repulsive cues can be part of combinatorial codes. For example, the repellant Semaphorin-6 and its receptor PlexinA4 are expressed in mutually exclusive layers in the mouse retina, and, in either mutant, processes of PlexinA4-positive cell types invade Sema6 territory, likely due to loss of repulsion (Matsuoka et al., 2011) .
Combinatorial codes provide one means of expanding the functional repertoire of a limited set of molecules, but other mechanisms have also been described. For example, precise temporal control of a ubiquitously expressed adhesion molecule can cause layers to form when subsets of pre-and postsynaptic cells simultaneously express high levels of the same factor (Petrovic and Hummel, 2008) . Finally, gradients of expression of secreted guidance molecules can also be used, allowing different neurites to choose distinct layers based on quantitative differences (Xiao et al., 2011) . In their present work, Timofeev et al. (2012) uncover yet another mechanism to increase both the functional range and specificity of a well-characterized guidance molecule. They demonstrate that secreted Netrins can be localized to a specific layer in the Drosophila medulla by ligand capture and that this local concentration of Netrin is sensed by a specific photoreceptor type that innervates this layer.
Short-Range Netrin Signaling Guides Layer-Specific Targeting
The Drosophila visual system provides a powerful model for dissecting the molecular mechanisms of layer specificity. In this system, photoreceptors, designated R cells, project their axons directly into the brain, with subtypes of R cells targeting to different layers in different neuropils. While photoreceptors R1-R6 project their axons to one brain region, the lamina, a second subset of photoreceptors, designated R7 and R8, extend their axons into a different brain region, the medulla. The medulla neuropil is organized into both columns and layers, comprising roughly 800 columnar elements, each divided into ten distinct layers (designated M1-M10; Figure 1A) . Each layer contains a specific combination of processes from projection neurons originating in the lamina, ascending neurons from deeper brain centers, and many types of medulla neurons. In aggregate, this structure is arguably the most complex neuropil in the Drosophila brain, but incoming R7 and R8 axons manage to invariably terminate in two specific layers, M6 and M3, respectively. Targeting occurs in two sequential steps. First, during larval development, R7 and R8 innervate specific, ''temporary'' layers. Second, during midpupal stages, R7 and R8 extend deeper into the medulla, innervating their ''recipient'' layers, after which they form synapses with their target neurons. Several cell surface molecules, including Flamingo, Golden Goal and N-cadherin, are expressed in R7 and/or R8 and play critical roles in layer-specific targeting of these cells (Senti et al., 2003; Tomasi et al., 2008; Ting et al., 2005; Lee et al., 2001 ). However, exactly how these molecules catalyze assembly of a layer remains unclear.
The study by Timofeev et al. (2012) in this issue of Neuron identifies a novel strategy to achieve layer-specific targeting in the fly visual system (Figures 1B and 1C) . They demonstrate that the guidance cue Netrin localizes to the R8 target layer and that R8 axons detect Netrin by expressing the attractive Netrin receptor Frazzled (Fra). R8 axons that have lost Fra stall at their temporary layer and fail to extend toward their final target. Conversely, removing Netrin from the R8 target area precisely phenocopies these defects, demonstrating that targetderived Netrin attracts R8 axons by activating Fra. Intriguingly, Netrin protein is highly enriched in the R8 target layer M3, where it is deposited by the axonal processes of a specific lamina neuron, designated L3. But how can Netrin, which is a secreted molecule, be restricted to a single layer? The authors hypothesize that Netrin can be bound to Fra on surfaces of cells in the target area and is presented as an active complex to incoming R8 axons. To test this idea, the authors deleted Fra only from neurons in the R8 target area and observed the loss of the layer-specific localization of Netrin. Furthermore, expression of membranetethered Netrin can completely rescue the Netrin mutant phenotype, demonstrating that Netrin acts locally rather than as a long-range diffusible molecule in this context. In line with these findings, several previous studies demonstrated that Netrin can act as a ''membranecaptured'' protein. For example, in the fly embryonic nervous system, Fra binds to and redistributes Netrin, which instructs the guidance both of pioneer neurons and commissural axons (Hiramoto et al., 2000; Brankatschk and Dickson, 2006) . Furthermore, Unc-40/ Fra-captured Netrin mediates dendrite self-avoidance in C. elegans (Smith et al., 2012) , suggesting that this mode of Netrin function is widely used for different tasks in various species.
In summary, Timofeev et al. (2012) provide the first evidence that Netrin plays an important role in layer-specific targeting, serving to trap incoming photoreceptor axons in the correct layer. Moreover, they extend previous work by showing that Netrin not only acts as a graded signal over long distances, but can also be locally captured and presented by Fra to function over short distances. Thus, by identifying a new role for these proteins, as well as a new mechanism for their action, these studies significantly extend our understanding of the versatility of these molecules. Future studies should address how the Netrin/Fra system interacts with other molecules that are also required for R8 targeting, such as Flamingo, Golden Goal, and Capricious. At a higher level, a critical question concerns the relationship between layer-specific targeting and synaptic specificity. R8 makes only a subset of its synaptic connections within the M3 layer; thus, layer-specific targeting is clearly only part of the story (Takemura et al., 2008 ). However, it remains possible that the synapses that do form in M3 are promoted by Net-Fra interactions, and hence it becomes important to know which cell types in the M3 layer capture Netrin. Could these cells be synaptic targets of R8? The answer to this question will address whether layer-specific targeting and synapse specificity are always two molecularly distinct processes or whether they can be achieved by the same set of molecules.
